A cosmid library of the Escherichia coli K-12 W3110 chromosome was constructed in which clones were assigned to locations on the chromosome map by hybridization and genetic marker complementation tests. Approximately 70% of the genome was represented by this library. The identified clones can be maintained in the homologous system and would facilitate genetic studies of E. coli.
Escherichia coli is one of the best-investigated microorganism in terms of gene structure and function, and more than 1,000 genes have been identified and localized on the circular chromosome map (2) . Nevertheless, the number of genes characterized corresponds to only about one-third of the entire number estimated to be present on the E. coli chromosome. To understand the whole genetic system of E. coli, further isolation of genes with known genetic markers as well as a systematic search for new genes would be necessary. The first gene library of the E. coli chromosome was constructed by Clarke and Carbon in 1975 (10) . Since then, the library has been screened to isolate clones which complement a variety of mutations at known locations on the genetic map. So far, about 300 clones have been mapped and analyzed by using this library (2, 36) . In the work described in this paper, we attempted to construct an ordered cosmid library of the E. coli chromosome in which clones are assigned to their specific locations. The cloning vectors cosmid pHC79 and its derivative pHC79EBE were adopted for the following reasons: (i) DNA fragments as large as 40 kilobases can be inserted; (ii) the ,copy number is about five when maintained as a hybrid plasmid (24) which appeared on ampicillin-containing agar plates were subjected to screening.
For screening of clones, the -dot hybridization procedure involving isolated plasmid DNA was adopted to reduce the background level in hybridization. Although the colony hybridization method is generally used for this purpose, we noted that nonspecific binding of probes to colonies often made it difficult to distinguish the positive signals from the negatives. Assuming that the genome size of E. coli W3110 is 4,500 kilobases and that fragments of an average of 40 kilobases are cloned, a total of 458 independent clones are necessary to cover 99% of the E. coli genome with minimal overlaps (11) . On the basis of this estimate, 800 random clones obtained from EcoRI digests (EcoRI clones) and 500 clones obtained from Sau3AI digests (Sau3AI clones) were suspended and grown in 20 ml of medium (L broth), from which plasmid DNA was extracted by the alkaline extraction method (5) . Portions (about 300 ng) were blotted on nylon membranes and hybridized to various probes by standard procedures (31) .
To locate the clones on the circular chromosome map, chromosome walking was initiated from several known points. Inserts were extracted from the pLC plasmids indicated in Fig. 1 , which had been screened from the ClarkeCarbon collection (10) . The DNA fragments were labeled with 32p by nick translation and used as probes. After hybridization with random gene libraries on nylon membranes, each membrane was washed under stringent conditions and exposed to X-ray films. Positive clones thus identified were used as probes for the next walks. Linkage between overlapping clones was confirmed by the method of Coulson et al. (13) . Plasmid DNAs to be compared were digested with EcoRI, end labeled with 32p, and redigested with the second enzyme, which recognizes a shorter sequence, e.g., HaeIII or HpaII. The resulting fragments were resolved by polyacrylamide gel electrophoresis and detected by autoradiography. The common terminal fragment(s) should be observed on autoradiograms if given clones share the common EcoRI recognition site(s). As a result of intensive screening, we constructed 31 independent "islands," in which constituent clones partially overlapped each other.
Correlation of these islands with the E. coli chromosome map was carried out on the basis of the following three criteria: (i) hybridization with NotI-generated fragments of the whole chromosome, (ii) hybridization to the ordered By using the procedures described above, we assigned 325 independent clones to locations on the chromosome map. The regions covered by these clones extend to about 70% of the whole E. coli genome. Representative clones are shown in Fig. 1 . The DNA regions covered by each clone are aligned under the genetic map scale. The distances between the markers on the genetic map do not correspond to those of the physical map (28, 43) , so that the assignment of the bar length, as well as terminal positions of each clone, is only relative. The large inversion between rrnD (72.1 min) and rrnE (91.5 min) has been reported to exist in W3110 (21). Since we have also confirmed this inversion, the region is placed in an inverted orientation on the map.
Despite intensive efforts, we were unable to cover the entire chromosome. There are several possible reasons for this difficulty. At the beginning of this study, we noted that although most clones were stably maintained in the recA strain, DH1, some clones were lost or partly deleted during propagation even after the establishment of clones. Although the copy number of pHC79 clones has been estimated to be as low as five, increase of some target sequences or genes which play key roles for regulation of cell growth might result in harmful effects on the host. There is another possibility, i.e., that recA-independent recombination is involved in deletion, as has been suggested by other workers (45) . Another possibility is that the restriction sites used in cloning are extremely unequally distributed. According to the data from the ordered lambda gene library (28) During hybridization analysis, we often encountered the problem that even under highly stringent conditions, a DNA region hybridized to a number of clones which spread all over the genome. This false hybridization caused serious problems, especially when neighboring clones were picked up in walking experiments. We assume that this is due to the short repeated sequences which were dispersed on the chromosome.
During the past few years, projects aimed at construction of ordered sets of DNA clones covering the entire genomes of Caenorhabditis elegans (13), Saccharomyces cerevisiae (34) , and E. coli (14, 28) have been undertaken. In the last case, complete coverage of the genome has been made by using a lambda phage cloning system (28 
